INTRODUCTION
Chronic illness and disability have damaging economic effects for individuals and families. Economic costs are incurred through lost productivity and wages as a result of disability and early mortality, unaffected family members becoming caregivers for a sick family member, as well as direct costs (e.g., medications). Intangible costs can be incurred through lower investments and savings or reduced educational attainment. 1, 2 The loss of income due to illness may result in a change of economic outlook, the need to use savings, bankruptcy, decreased quality of work, and fewer employment opportunities. [1] [2] [3] [4] [5] All of these represent the economic burden of a disease.
The greater the perceived economic burden, the lower the quality of life of cancer survivors 4 and others who suffer from chronic illness. 2, 3 Although lower-income patients spend a higher percentage of their income on expenses related to chronic conditions, higher-income patients also have significant out-of-pocket costs. The literature on the economic burden of illness suggests that all patients may face economic hardship of some type that is exacerbated by factors such as comorbidities, ineligibility for government support, and minority ethnic background.
Original research article fully penetrant over the life span and is inherited in an autosomal-dominant manner (i.e., offspring of the affected parent are at 50% risk of inheriting the TMEM43 mutation). The only available intervention is an implantable cardioverter-defibrillator (ICD), which shocks the heart to a normal sinus rhythm if ventricular dysrhythmias are noted, thus preventing SCD. Patients with ARVC might also be advised to avoid competitive athletics and limit activity to low-or moderate-intensity activities such as walking. Those in careers involving physical strain or situations where they could be a danger to themselves or others should they experience syncope might be advised to consider a career change. 8, 9 Cardiac guidelines support the use of familial cascade screening to identify blood relatives who carry pathogenic ARVC mutations before clinical signs develop. 14, 15 For those who are positive, an ICD is recommended. 8, 9, 16 ICDs had a beneficial effect in several studies, notably in the NL population, among whom the treatment significantly altered the survival of individuals in families with ARVC TMEM43 p.S358L. 17, 18 At-risk relatives provided with an ICD are often young, unaffected family members. They will likely have many years with their ICD, exposing them to repeated procedures, shocks, ICD complications, and lifelong psychosocial burdens. 19, 20 Though the economic burden of prophylactic management of ARVC may be considerable, there are no studies exploring this burden from the perspective of affected families. The obvious cost of years of life and associated income lost as a result of SCD is tangible, as are related costs for caregivers who refrain from paid employment. Other costs may include higher insurance premiums, medications, and travel for lifelong management of the condition, as well as other impacts such as lower savings and educational attainment. We identified 24 families with ARVC caused by TMEM43 p.S358L in the NL population, providing a unique opportunity to explore the perspectives of individuals who live with this chronic condition in order to inform the provision of patient-centered health services and add to the literature on the economic hardship associated with chronic genetic disorders.
MATeRIALs AND MeTHODs sampling and recruitment
The project was approved by the local health research ethics authority. Participants were recruited from the provincial cardiac genetics clinic in St. John's, NL. Clinic participants receive genetic counseling, testing, and follow-up clinical management. Per guidelines, at-risk family members are evaluated in a stepwise manner (cascade testing) after a pathogenic mutation is identified in the family. 14, 15 Carriers are offered ongoing cardiac screening, lifestyle advice, pharmacological treatment, as well as an ICD, which are known to significantly improve survival in this population. 18 A cardiomyopathy genetics research clinic was initiated in Newfoundland in 1998. Concomitantly, a research computer database (SPSS) was established to support and maintain local research on ARVC. Data for individuals from families affected by ARVC in the province are stored in this database, including expanded pedigrees, clinical information, demographic information, as well as any research data collected. The ARVC database contains information on 885 individuals, 275 of whom are living and were eligible for this study. Before sending study invitation letters, K.H. and H.E. met to discuss the spectrum of experience with ARVC to be captured in interviews (e.g., individuals testing positive, testing negative, and declining testing). K.H. has a long-standing relationship with families affected by ARVC in NL, and she identified individuals in the database through purposive sampling to represent a broad spectrum of experience with ARVC (e.g., those who are currently asymptomatic, carriers and noncarriers of TMEM43, those with/ without ICD). When possible, and to maximize recruitment, five or six individuals from each of these groups were identified for study invitations. Partners/spouses also were invited to a separate interview because their views would be informative of the disorder's impact on the broader family. Adolescents (age 14-18 years at the time of interviews) in these families could also take part. Invitation letters were sent to 73 individuals in total, and participants were invited to contact the research team if they were interested in participating.
Interviews
Interviews were conducted in person August through December 2013, with a minority (n = 3) occurring by phone. A trained interviewer with the Health Research Unit at Memorial University conducted interviews outside of clinic appointments at a time that was convenient for participants. Interviews lasted 45-60 min, were tape-recorded and then transcribed verbatim. Interviews were semistructured in that questions were not strictly confined to a specific order, and participants were actively encouraged to discuss other issues that they felt were important. An interview guide facilitated the tracking of all questions asked during each interview.
This qualitative study was part of a larger program of research on the psychosocial impacts of living with ARVC. Interviews covered a core set of topics such as family experiences of heart disease and SCD, ICD surgery decisions, and the perceived impact of ARVC across a number of domains such as psychological well-being, behavioral impacts, and perceived financial or economic impact. Draft questions were generated by H.E. in line with study aims. Subsequent discussion of question wording with the research team, as well as review by a genetic counselor, resulted in only minor changes to question wording. Please see the Appendix for the final interview guide.
Data analysis
Qualitative description 21 was used to summarize the data pertaining to the perceived economic impacts of ARVC. This is a form of naturalistic inquiry that makes no philosophical or theoretical assumptions about the data. Instead, it presents the data in the language of participants, without necessarily aiming to interpret the data in more theoretical ways. The end result is a comprehensive summary of the event in question. 21 H.E. read transcripts as interviews were completed to identify emerging ideas and themes. When possible, interviews proceeded until data saturation was reached (i.e., the point at which no new ideas were emerging). In some cases (e.g., adolescent and spouse interviews), we did not reach saturation within the study timeline, as noted in the discussion of study limitations in the Conclusion section. The complete set of transcripts was read several times by one investigator (H.E.). Interview data were then isolated and organized around interview topics. Only data pertaining to the perceived financial and economic impacts of ARVC were used to identify emerging categories and themes for this analysis. Two investigators (H.E., K.H.) separately read and reread the isolated economic data, which was placed in a table. Inductive subcoding of these data was completed using the method of constant comparison. 22, 23 Data were compared between and within transcripts to establish analytical categories and themes. [21] [22] [23] This method required a constant shifting back and forth between (and within) transcripts to continuously compare the experiences of participants. When both investigators had completed their separate analysis, they met to discuss categories and themes that arose from the data. While investigators may have used slightly different wording to categorize data, agreement was very high regarding the basic ideas reflected in each theme. Following their meeting, the investigators then met with the study interviewer who had spoken with participants and was familiar with their stories. Further discussion with her helped verify emerging themes. Finally, an analysis meeting was held with the study team to present, discuss, and finalize themes.
ResULTs

Participants
Seventy-three study invitation letters were sent; five were returned as undeliverable. In total, 21 individuals (5 men) contacted the research team and completed an interview. All families had been followed clinically for many years and were known to the research team. Nonresponders included those who had heart transplants and those who declined genetic testing. Table 1 contains clinical and demographic information for the study participants. Of the 17 participants who had genetic testing, 9 tested positive for TMEM43 (at the time of testing, 2 were adolescents aged 14-18 years). Eight of these 9 participants had an ICD; the youngest participant did not. Before 2008, genetic disease status was given to participants based on haplotype analysis and was confirmed when mutation testing became available after 2008. All participants had a history of SCD in their families, and this was often the initial reason for evaluation by the clinical team. Four spouses completed interviews; all were wives whose husbands had tested positive for TMEM43 (two of these husbands completed interviews). Participants' current ages ranged from 16-67 years, with a mean age of 44 years (SD = 14 years). Excepting the adolescents, nearly all participants were married with children. While we lack quantitative data on mean incomes, the long experience and contact of research team members with families suggests that most participants are currently from middle-class backgrounds.
Thematic analysis
Four themes describe participants' perceptions of the economic impact of ARVC: (i) economic impact during childhood, (ii) impact on current and future employment, (iii) impact on current and future financial well-being, and (iv) no perceived economic impact. We note that the first three themes were not mutually exclusive. Participants could recall burdens they experienced during childhood, while also recounting impacts on current employment or financial well-being.
economic impact during childhood
Participants whose fathers had died or were unable to work during their adolescence recalled feeling "different" from other families. Necessities were available, but there were no "extras. "
"We had a house full of mostly male boarders. It was our home, but it was also Mom's livelihood. I guess it robbed us of a whole lot of life because Mom had to work really hard. I never felt deprived of love, but it was different growing up. I was the last kid in the neighborhood to get a bike... Why don't we have a TV? Everybody else has a TV. " (P14, unaffected female) "Huge, huge [financial impact]. My Dad had to stop working and go on long-term disability. We didn't have a whole lot, and we all started working ourselves as kids, probably 13, 14...there weren't those extras...we never went hungry, we were never cold, we always had clothes, but anything above and beyond that was harder to get". (P10, unaffected female)
As the latter participant alluded, children in families affected by ARVC sometimes had to work to supplement the family income. For some, this manifested as a feeling of having to contribute.
"It was just financial stress put on the family, and I felt like I had to be the one that had to toe the line. And my younger sister, if there wasn't enough money to buy lunch at school, she' d go to school and I' d stay home. I just started getting jobs young. " (P13, unaffected male) "I was working in the fish plant at 11 years old. Now how many can say they started working at 11 years old to help support their family?" (P1, unaffected female)
Impact on current and future employment
When a person is clinically affected with ARVC, there are obvious limitations on the types of jobs that can be safely undertaken, as well as recovery time following ICD surgery. The quality of work experiences also declines.
"Financial impact? Oh God yes. I went back to work, and I was allowed to go for two half days a week and build up from there. It was months before I got back full time...it's probably 25% of my job that I can't do anymore...as time has gone on, I've done less and less...there's times when
Original research article Clinical screening: family originally referred for a familial "heart disease." Family members were invited to the clinic for cardiac screening.
Pedigree: known TMEM43 family. Extended relatives at 50% pedigree risk ascertained. Genetic testing offered.
Participants 11 and 12 underwent presymptomatic testing; all others were tested to confirm a suspected mutation status.
Family history of sudden cardiac death (SCD)-numbers indicates which degree relative experienced SCD.
HT, heart transplant; ICD, implantable cardiac defibrillator; N/A, not applicable.
a Refers to participant study ID number. something needs to be done and you want to do it, but you know if you do, you're putting yourself at risk. And you got to wait on people to get stuff done. " (P15, affected male) "So I haven't worked in a long time and that part gets to me. There's lots of jobs out there I' d like to have, and I know physically, I can't do them…that bugs me; you're limited. " (P4, affected female) "I was getting close to retirement, but I probably would have stayed on another year. I resented that for a long time; I wasn't able to retire at the time when I wanted to. ARVC prevented me from doing that, it was very stressful. " (P5, affected female)
For a young adolescent male in our sample, he noted his frustration that his future career choices were limited by ARVC. He explained his desire to join the military:
"It sucks a lot. I'm just as good of a shot as cracky over there who's probably smoking drugs all his life and can get in just fine [to the military], but I've got a heart condition and I'm sidelined. I want to do something productive. " (P12, affected male)
The careers of spouses of affected individuals can also be affected by ARVC. For some, this meant returning to work earlier than desired.
"[My husband] used to work a lot of overtime hours, which padded the family finances quite a bit. At the time he had his surgery, I was working in a part-time position because it meant that I could be around more for the children. But I ended up going back to work fulltime because we needed the money. " (P18, spouse of affected male)
Impact on current and future financial well-being
The ability to work directly affects a family's disposable income, as participant narratives on the economic impacts of ARVC in childhood show.
"It takes a financial strike on you, because every time Dad was in hospital, if I didn't have the money, I had several Visas, and everything was racked up, so I claimed bankruptcy...by the time the bills are paid and a minimum amount of groceries, it's probably five or six dollars left for the whole month, so I would flick the Visa and get gas, and flick the Visa and get food" (P1, unaffected female)
Families that live outside an area served by a main treatment center must contend with the direct cost of treatment.
"Financially, it's been a big impact. I mean, we're from [a certain region] and no one recognizes that. They think we live next door to the [main treatment center]. One year, it cost me about $1200. Ambulance trips, and paying for the nurse, and you're back and forth paying for hotels, it's stressful. " (P20, spouse of affected male) ARVC affects families' financial outlook not only in such direct ways but also in other ways, from worry about having enough insurance to worry about children's futures and longterm financial planning. "I know Mom had trouble getting insurance...if I wanted to up my life insurance at work, I' d have to sell my soul to pay the premiums, right? But you're kind of penalized when it comes to insurances, and when you're young, you don't think about that stuff, but when you get older and have kids, everything changes, you're high risk. " (P3, affected female) "You lose your life insurance and you got this in [referring to ICD]. So that's a big thing. Like I'm very thankful they put one in for free. " (P7, affected female) "I was unemployed. We applied for additional insurance that was denied. If there comes a point where I can't work, then I lose my benefits, and the drugs are not cheap (pause)...it can be nasty, and if somebody's off longer than the unemployment lasts, and they don't have long-term disability, then you got nothing. " (P15, affected male)
For participants with good insurance plans at work and/or a supportive employer, financial worries were reduced.
"So we're very lucky that his company supports him and kept his position for him...his work actually put off putting in longterm disability until he came back to work and had enough hours to qualify, which was really good of them because we had nothing to fall back on. " (P18, spouse of affected male) "I'm lucky. I had good health insurance coverage, my husband has good health insurance coverage, so I can't think it has [impacted me financially], except for losing the license [after ICD firings]. I checked out taking taxis to work, and it would have cost me $600, $700 a month just to go back and forth there. " (P5, affected female) Although current financial worries were eased by good insurance coverage, participants worried about their children's financial futures.
"You're thinking of all the bad things that can happen. My God, I could be raising these two kids by myself. How am I going to pay for this house? How am I going to make car payments? I see a scarier future. My concentration and drive now is to get the children through school and into a career where they're settled and making enough money to support themselves." (P18, spouse of affected male) Finally, some participants explained how their long-term outlook changed as a result of the uncertainty associated with ARVC. Original research article "We've changed our priorities a lot; we want to travel more, we want to do more things together while we can, and spend time with the kids. Before that, it was all about paying off bills, but if he's not going to be here in five years, I would just as soon take this time with him and the bills will still be there. So I think that's the biggest way it's impacted us; we are not planning for retirement, but what we want to get done and our bucket list so to speak. " (P18, spouse of affected male)
No perceived economic impact
A minority of participants did not perceive a significant economic impact of ARVC. Some said they were currently asymptomatic and had resumed normal activities, although recognizing that perhaps they shouldn't. An unaffected participant who lived out of the province suggested that this geographic distance may explain why she perceived no immediate impact, economic or otherwise:
"No, I don't think so. I mean, maybe if I was there and seeing it every day...but being so far removed, so far away, so no. " (P9, unaffected female) Finally, one spouse commented that, although there was no current economic impact on her family, that would change if the disease progressed: "Financially, it hasn't affected us. If he gets very unhealthy and we need to travel to get him a new heart or wait on transplant, then it will, of course. But as of right now, no, it hasn't at all. " (P21, spouse of affected male)
DIsCUssION
Rare genetic diseases are chronic and life-limiting, accompanied by extensive morbidity, health system utilization, and psychosocial and financial stress for families. [24] [25] [26] [27] Despite this, relatively little is known about their associated economic burden beyond direct medical costs. 24, 25 However, a more comprehensive understanding of disease burden, including nonclinical burdens such as financial impact, is required to personalize disease management according to families' needs. 28 Identification of both direct and indirect costs associated with chronic genetic conditions is of further importance to policymakers in order to develop sustainable and patient-centered health policy options for families affected by rare diseases. For example, economic burden data may assist in developing effective intervention programs, facilitate treatment evaluation, and potentially inform the development of financial support policies for patients and their families. [24] [25] [26] A recent systematic review of cost of illness evidence across 10 rare diseases (most of them genetic) reported that cost evidence was meager for all but two disorders: cystic fibrosis and hemophilia. 25 Nonetheless, the review found a substantial economic burden of rare diseases, including both direct costs (e.g., treatment) and indirect costs-in particular, productivity losses incurred by informal caregivers. Similarly, a recent study 24 of the burden of Duchenne muscular dystrophy, an X-linked neuromuscular disorder, reported mean annual direct per-patient costs of between $23,000 and $55,000. This study also measured indirect and informal care costs, finding that they accounted for between 18 and 43% of total costs. For example, very few patients were employed, and between 27 and 49% of informal caregivers had either stopped working or had reduced working hours. Similarly, patients with hereditary angioedema reported work impairment and negative effects on career advancement. 28 Some of this study's participants noted the direct travel and medication costs associated with management of ARVC, in line with recent research on rare diseases. [24] [25] [26] Some families affected by Lynch syndrome in our jurisdiction have also suggested that prohibitive costs are a barrier to recommended colon cancer screening and ongoing risk management. 29 Beyond these direct costs, however, study findings revealed the breadth of perceived economic impact associated with ARVC, consistent with a recent systematic review that suggested that indirect costs were as burdensome for sufferers of rare diseases as direct costs. 25 Even unaffected participants can perceive significant economic burden. Their narratives revealed serious burdens during childhood that often resulted in childhood employment and left these participants feeling somehow "different" from peers. While they ultimately tested negative for the family mutation, it is likely that ongoing psychosocial support for these children at the time of their parent's illness could have facilitated their psychosocial adjustment. Information for the family on health and social care programs in their jurisdiction might also have obviated the need for childhood employment. It is notable that these participants had affected fathers, which might be a red flag for potential economic burden during childhood.
Although children and teens are managed clinically by the cardiac genetics clinic in our jurisdiction, it is unknown whether professional support services address economic burdens. The literature on other disorders (e.g., Huntington disease) suggests that accessing appropriate support may be important for children who help to provide care to their affected relatives or perceive themselves as having to contribute to the family finances and day-to-day functioning. The limited research in this area reveals that it is a demanding role with the potential for negative developmental impacts and emotional distress, 30, 31 which may be exacerbated by their own risk for the family mutation. Research is needed to determine the factors that could minimize negative outcomes for children in families affected by ARVC. Determining which children require support and how they should best be supported is a research priority. Interdisciplinary, team-based care might afford families access to the nonclinical information they may also need (e.g., care assistance programs, financial programs) to manage their condition.
Despite universal health care coverage and an established system of social security, those with chronic illness can still face lifelong economic hardship and quality of life impairment, and lack the resources to cope with these challenges. 3, 4, 25, 26 Although participants with supportive employers and good insurance coverage perceived a lower economic burden than participants without these protections, study narratives suggest that a discussion of the family's economic situation may be a useful addition to genetic counseling sessions. 32, 33 Indeed, at-risk individuals need to know that a positive test result generally makes them ineligible for life insurance. Some have access to group insurance through an employer, but this is probably not true for most, and even this would not be available to individuals who can no longer work.
Similar to the findings of research 3, 5, 28, 30 on other chronic illnesses and rare diseases, 24, 28 affected individuals recounted how ARVC affected both their ability to work and the quality of their work experiences, as well as its effect on their financial wellbeing. Underlying these narratives is a changed sense of self, one that can no longer maintain former employment trajectories and must worry about coping with the continued economic impact of ARVC on their families.
Classic studies of chronic illness [34] [35] [36] confirm that illness "disrupts" an individual's biography, leading to changing roles and identities. Affected participants described their changing roles at work from not being able to carry out prior duties to having to wait on others to complete tasks and having to retire earlier than they wanted. For younger participants, ARVC affected their future career choices. Participants noted increased insurance premiums and worry about losing insurance if their disease worsens and they cannot work. These experiences relating to career and insurance may lead to psychological distress and lower life satisfaction, 4,37-39 and they highlight areas of concern to be addressed in a holistic model of care. In particular, participant narratives raise awareness of the potential breadth of economic impact for patients, and we encourage clinicians working with affected families to actively communicate about these issues during clinic encounters. Research aimed at exploring clinician awareness of the economic impacts associated with ARVC and similar genetic disorders, as well as interventions designed to improve awareness and patient-clinician communication about economic burdens, would be valuable.
A minority of participants experienced no economic burden as a result of ARVC. Those who tested negative and were living out of the province suggested that their distance from the family illness muted its impact on their lives, whereas others said that they were asymptomatic and had continued to work. These explanations correspond to the larger literature on genetic conditions, which suggests that being asymptomatic or somehow "removed" from the family illness (whether geographically or socially) reduces its perceived psychological impact. 30, 31, 40 
Conclusion
This is the first study to explore the economic burden of ARVC from the perspective of affected individuals. A number of perceived burdens were identified, including employment choices, worry about insurance, and the need for childhood employment. Findings highlight potential areas of discussion in counseling sessions, as well as areas for future research. However, the sample size is relatively small, comprising mostly individuals affected by a specific genetic subtype of ARVC (ARVD5). The study was conducted in a comprehensive clinical service; findings may not generalize to patients seen outside such centers. All participants had undergone testing; thus they may display specific perceptions that cannot be generalized to all atrisk individuals. For example, we were unable to recruit those who declined testing and those who had progressed to heart transplants in their disease progression. We were also unable to recruit families that had known about their risk for a short time. Rather, the families in this study had all known about ARVC for a period of years. Adolescents and spouses were underrepresented in this sample. Additional research that focuses solely on spouses or adolescents in families with ARVC would be informative. Despite these limitations, this study is the first to explore the economic burden of ARVC from the perspective of affected families. We hope these findings contribute to patientcentered health and social care policies and research.
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